Esophageal Intraluminal

Impedance
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Electrical impedance is defined as the relation of
voltage (U) to current (I). It is measured in Ohm
(€2) and is, similar to resistance, inversely propor-
tional to electrical conductivity. The multiple
intraluminal impedance (MII) technology is
based on the measurement of impedance in an
organ lumen and the change of impedance during
the passage of a bolus through this lumen. To
measure impedance, cylindrical electrodes are
placed on a hollow catheter. For signal transduc-
tion and registration, these electrodes are con-
nected via thin wires inside the catheter with
impedance-voltage converters and a display/
recording unit outside the body. Impedance is
measured bipolarly between two electrodes on a
catheter. These two electrodes form an imped-
ance channel, representing a defined area of the
luminal organ. The total length of all channels is
defined by the number of and distance between
the electrodes [6].

Impedance changes characteristically depend
on the content of the bolus. The electrical con-
ductivity of air is close to zero, whereas the elec-
trical conductivity of a liquid bolus is high, even
compared to the conductivity of the muscular
organ wall. All components (air, bolus, organ
wall, body) together form a volume conductor
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around the catheter and the impedance electrodes
(Fig. 78.1).

By high-frequency registration (50-100 Hz
registration rate) in the esophagus, it is possible
to distinguish between the resting phase, the
bolus passage, and the muscular contraction in
every single impedance channel. During the rest-
ing phase, due to the close proximity of the
relaxed muscles (low conductivity) to the mea-
surement electrodes, the impedance baseline is
recorded. The increase of impedance just before
the bolus passage, e.g., during a swallow, repre-
sents air that is propelled in front of the bolus.
This is followed by a decrease of impedance after
entry of the bolus into the measuring segment.
The consecutive increase of impedance repre-
sents bolus exit and the contracted muscle wall
after bolus passage through the measuring seg-
ment. Finally, muscles relax and impedance val-
ues return to baseline [3].

By placing multiple impedance channels con-
secutively on a single catheter inside a luminal
organ, e.g., the esophagus, it is possible to deter-
mine the direction, height, and velocity of the
bolus movement [6].

All impedance channels are recorded digi-
tally and displayed simultaneously. Stationary or
portable recording systems are available.
Impedance measurements are analyzed using
dedicated software and manually-visually to
detect the typical changes during the passage of
a bolus. If these changes appear in the most
proximal impedance channels first and then in
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Fig.78.1 Multiple
intraluminal (electric)
impedance procedure.
Cross section through a
luminal organ inside the
body, organ wall,
intraluminal impedance
catheter, air, and bolus.
Arrow: direction of
bolus movement.
Impedance (2) is
measured bipolarly
between adjacent
electrodes (= impedance
channel, Z,). Defined
electrode distance (x)
and number of

channels (n)
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Catheter

Organwall

Measuring segment =
Impedance-Channel (Z))

the more distal impedance channels, this is inter-
preted as antegrade bolus movement, e.g., a
swallow. If these changes appear in the most dis-
tal impedance channels first and then in the more
proximal impedance channels, this is interpreted
as retrograde bolus movement, e.g., a gastro-
esophageal reflux (GER) (Fig. 78.2). As the soft-
ware allows the use of different time scales on
the screen, longer episodes can be displayed
completely, but also a more detailed analysis can
be performed using a magnified view.

In a pilot study, the conductivity and imped-
ance of various tissues, liquids, and foodstuff
were measured in vitro using an eight-channel
impedance catheter. A measuring current of
<6 pA was used, as this is well below the stim-
ulation threshold of human nerves and muscles
and therefore does not interfere with the
impedance registration of gastrointestinal
motility. The theoretical principle of the tech-
nology was confirmed with these experiments,
and the typical phases of a bolus passage were
verified [6].

In vivo studies in the esophagus and duodenum
of healthy volunteers confirmed the bolus phases
found in vitro and the general potential of the
method. Typical impedance patterns during swal-
lows and muscular contractions were recorded
and analyzed [3].

In studies on healthy adults, fluoroscopy,
manometry, and MII of the esophagus were per-
formed simultaneously. These studies delivered
information regarding normal motility during the
antegrade passage (swallow) of solid meals and
liquids. The potential of recording GER and its
clearance was demonstrated, the temporal rela-
tion of pressure changes in the esophagus, and
the different impedance phases were analyzed
(Fig. 78.3). The passage of air and a bolus results
in relevant changes of impedance, but only little
pressure increase. Maximum pressure is only
experienced when the bolus exits the measuring
segment.

From the defined electrode distance and the
time difference between appearances of the typi-
cal impedance pattern in the neighboring imped-
ance channels, the bolus velocity and length
could be calculated for every organ segment.
With this technology, it is possible to analyze
changes of bolus velocity and length during the
passage through the esophagus. A difference
between the bolus velocity and the contraction
wave velocity became apparent.

In a first clinical trial, adults with reflux esoph-
agitis and healthy controls were examined with
MII and manometry. MII patterns of the upper
and lower esophagus were compared after test
meals. A significant reduction of bolus velocity in
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Fig. 78.2 Typical impedance changes during bolus pas-
sage through multiple measuring segments. Cross section
through a luminal organ. Thick arrow: direction of bolus
movement. Impedance (Z) over time (f). Impedance val-
ues of channel 2 (Z,), 6 (Z), and 10 (Z,,) at the time of
bolus passage. Typical sequential impedance changes

the aboral direction was recorded in all study indi-
viduals. Velocity was hereby inversely propor-
tional to the viscosity of the test meal. Patients
with reflux esophagitis showed a significant delay
of bolus passage in the distal esophagus as com-
pared to healthy controls; impedance values
stayed well above baseline and only slowly
returned to baseline after the second swallow. As
no corresponding changes were documented with
manometry, these were most likely non-occluding
contractions.

In the next trials, MII was combined with pH-
metry to study adults with reflux esophagitis.
Impedance data was analyzed for the typical pat-
tern of retrograde bolus movement; additionally,
the pH of the GER episode could be defined.
Shortly after the development of impedance and
pH registration on a single catheter, the technology
was applied in infants [7]. Impedance channels

(thin arrow) during bolus passage, first appearing in Z,,,
then in Zg, and ultimately in Z,. #;: bolus passage through
Z,o, bolus entry in Zg, and air entry in Z,. t,: bolus exit from
Zy, bolus passage through Zg, and bolus entry in Z,. ;:
return to baseline in Z,,, contracted muscular wall in Z,
and bolus exit from Z,

covered the lumen from the hypopharynx to the
most distal esophagus [11].

The most proximal impedance channel display-
ing a drop of impedance resembling bolus pres-
ence was defined as height reached by the reflux.
Most GER in infants reached the most proximal
channel and occurred early postprandially.

The beginning of a bolus reflux was defined as
adrop of impedance of at least 50 % of the imped-
ance baseline prior to the reflux episode. It was
shown that even very small bolus volumes were
detectable by intraluminal impedance [4].

Volume clearance was defined as the time
interval from bolus entry until bolus exit, i.e., the
return of impedance values to at least 50 % of the
impedance baseline prior to the GER. This was
derived from in vitro studies and known to
correspond to a clearance of more than 90 % of
the bolus from the measuring segment [6]. Acid
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Fig.78.3 Typical impedance and pressure changes dur-
ing bolus passage through a measuring segment. Cross
section through a luminal organ. Arrow: direction of bolus
movement. Impedance (Z) and pressure (P) over time (f).
Increase of impedance and slight increase of pressure in

clearance was defined as the time interval from
the drop of pH below threshold (usually pH 4)
until its return to values above pH 4. Due to the
chemical definitions, GER with pH <4 was
defined as being acid GER, with pH 4-7 as
weakly acidic GER, and with pH >7 as being
nonacid or alkaline GER. In almost all GER, vol-
ume clearance was shorter than acid clearance
and achieved after a single swallow.

All studies in infants clearly demonstrated that
the major amount of GER episodes were weakly
acidic, with pH monitoring alone showing a very
low sensitivity for GER detection in all pH ranges.
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phase 2. Maximum pressure increase (phase 4) during
segmental muscular contraction. (A) Entry of bolus head
and return of impedance to baseline; (B) maximum bolus
conductivity and lowest impedance; (C) maximum lumi-
nal occlusion

This was found to be the new definition of
gastroesophageal reflux in children [1, 5].
Color-coding of impedance changes improved
visual analysis of the tracings significantly
(Fig. 78.4). To date, multiple combined imped-
ance-pH measurements have been performed in
clinical routine in children of all age groups
worldwide [9, 10]. International standards have
been created for the procedure. The establish-
ment of normal values and the validation of
the automated analysis software in pediatric
patients are in the focus of current collaborative
efforts. The most recently published international
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Fig.78.4 Typical
impedance tracing of a
gastroesophageal reflux.
Impedance channels
color-coded regarding
absolute impedance value
(blue high impedance; red
low impedance)

guideline on gastroesophageal reflux in children
describes combined multiple esophageal imped-
ance-pH recording as being superior to pH mon-
itoring alone for evaluation of GER-related
symptom association [2, 8].
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